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LAMP STRUCTURE, HAVING ELLIPTICAL REFLECTORS, FOR UNIFORMLY 
IRRADIATING SURFACES OF OPTICAL FIBER AND METHOD OF USE THEREOF 

TECHNICAL FIELD 

5 The present invention is directed to lamp structure having elliptical reflectors, and 

methods of use thereof, for more uniformly irradiating surfaces of at least one workpiece (for 
example, a continuous workpiece such as a continuous fiber and/or filament). The present 
invention is particularly directed to apparatus, and methods, for more uniformly irradiating 
optical fibers, cables and ribbons, which continuously pass by a bulb, of the lamp, 
10 generating the radiation, within an elliptical space formed by the reflectors. 

BACKGROUND ART 

The present invention is espedally useful in connection with irradiating a workpiece 

15 passing along a lamp bulb producing, for example, infrared light, visible light or ultraviolet 
light, in the processing of workpieces to cure a photo-responsive coating (for example, 
ultraviolet light curable coatings, and coloring Inks) on surfaces of the workpieces. 

The present invention has uses within the optical fiber market, including methods for 
processing fibers, ribbons and cables of various widths and thickness cross-sections, muiti- 

20 fiber coloring, strengthening members and other applications that require a pattern of 
radiant flux density to the workpieces being processed. 

Conventional apparatus (systems) for irradiating a fiber or ribbon vwth- ultravfolet 4ight - - ^= 
includes a lamp (for example, a modular lamp, such as a microwave*powered lamp having a 
microwave-powered bulb (e.g., tubular bulb) with no electrodes or glass-to-metal seals), the 

25 lamp having reflectors. The reflectors can desirably utilize a primary elliptical-shaped 
reflector and also a secondary elliptical-shaped reflector (which optionally can have a 
cylindrical back reflector). This reflector structure of primary and secondary elllptlcal-shaped 
reflectors Is illustrated in Fig. 1 , which shows the structure of "DRF Systems" (ultraviolet 
curing systems for optical fiber, coloring, ribbon and cable) of Fusion UV Systems, Inc. 

30 Thus, shown in Fig. 1 is bulb 1 (e.g., a tubular bulb), centered at first focal point 2. 

Hereinafter, when it is stated herein that the bulb is positioned at a location, it is meant that 
the bulb is centered at such location. This first focal point 2 is one of the two focal points in 



1 
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elliptical space 4 surrounded by primary elliptical-shaped reflector 3 and secondary elliptical- 
shaped reflector 9. The second focal point of this elliptical space 4 is designated by 
reference character 6, at which point optical fiber 5 is centered. Also shown in Fig. 1 is 
quartz tube 7, through which optical fiber 5 passes. Quartz tube 7 is preferred in order to be 
able to provide a desired atmosphere (for example, an inert gas atmosphere) surrounding 
optical fiber 5, without the need for filling the entire elliptical space 4 with such inert gas. 
Also shown In Fig. 1 Is cylindrical back (auxiliary) reflector 11. 

As seen in Fig. 1, light 12 from bulb 1 , either directly or more likely after being 
reflected by reflectors 3, 9 and/or 1 1Js transmitted through quartz tube 7 to be irradiated 
on, e.g., optical fiber 5 to perform a process thereon (for example, cure a coating on the 
optical fiber). 

In the structure shown in Fig. 1 , bulb 1 is positioned at first focal point 2 of elliptical 
space 4 formed by primary elliptical-shaped reflector 3 and secondary elliptical-shaped 
reflector 9, and the workpiece runs through second focal point 6 of elliptical space 4. 

Fig. 2 shows a standard ray diagram for conventional "DRF Systenis" of Fusion UV 
Systems, Inc., having primary and secondary elliptical-shaped reflectors 3 and 9» but without 
a cylindrical^ back reflector 1 1 . Bulb 1 is positioned at first focal point 2 of the elliptical space 
4 of the reflector, that is, a position 1 .900 inches from a midpoint of the major axis of the 
elliptical space 4. 

That is, Fig. 2 shows the standard I25X/I60X ray diagram for the apparatus having 
primary and second elliptical-shaped reflectors 3 and 9, respectively with a distance of 4.271 
inches between bulb 1 and fiber 5 and an entire distance between the ends of the primary 
and secondary elliptical-shaped reflectors being 6.000 inches. A maximum width of the 
reflectors is 4.214 inches. As shown in this standard ray diagram of Fig. 2^ bulb 1 and fiber 
5* are respectively ai theprirnary and secondary focal pbints"2r6'of'eillptfcar space'4; irght" 
12 from bulb 1 is substantially transmitted to fiber 5 passing through second focal point 2 of 
the elliptical space 4. 

However, various problems arise in connection with use of this conventional 
structure. For one thing, alignment of the fiber 5 at secondary focal point 6 is critical, but 
can be difficult to achieve. 

In addition, focusing of light rays 12 at second focal point 6 can cause problems In 
uniformity when, for example, the fiber or fibers being treated are not solely at second focal 
point 6. For example, where a ribbon is being processed which has a planar surface having 
a width perpendicular to the direction of motion of the ribbon (that is, in a width direction of 
elliptical space 4 shown in Fig. 1), focusing of light rays 12 at second focal point 6 causes 
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non-uniformity of light in^adiating on the ribbon. Such non-uniformity is especially 
disadvantageously great for light irradiating the surface of the ribbon facing bulb a 
compared \Artth light irradiating the surface of the ribbon facing away from bulb 1. 

in order to avoid the aforementioned problems of conventional structure^ a proposed 
technique would be to position the wori<piece slightly away from the second focal point 6, so 
that a pattern of radiation spaced from second focal point 6 impinges on the workpiece. 
This is shown in Fig. 3, where ribbon 15 is displaced slightly from second focal point 6, in a 
direction along major axis 22 of elliptical space 4, toward secondary elliptical-shaped 
reflector 9. However, this technique of moving the workpiece does not in and of itself 
provide sufficient uniformity of radiation pattem on surfaces of ribbon 15. 

Accordingly, it is desired to provide apparatus and methods of use of such 
apparatus, providing a more uniform irradiation of all surfaces of the workpiece, including 
workpiece surfaces facing the bulb and surfaces facing away from the bulb, using elliptical- 
shaped reflector structure. It is desired to provide such more uniform irradiation of surfaces 
of the workpiece, without the need for providing precise positioning of the workpiece at the 
second focal point, and wherein the apparatus can be utilized to process, e.g., fibers, 
ribbons and cables of various widths and thickness cross-sections. 

DISCLOSURE OF THE INVENTION 

The present invention overcomes deficiencies of the above-described techniques, 
achieving a more uniform dispersion of light over the surfaces of the wori<pieces, by moving 
the bulb such that the bulb is spaced from the first focal point. That is, while, according to 
conventional techniques, the center of the bulb is at the first focal point, according to the 
- prieseht inventiorrthe center of the-bulb' is spaced from the first focal point of 1he ellipse.^ "^"^ 
According to the present invention, the bulb is positioned spaced from the first focal point of 
the ellipse in the vicinity thereof, on the major axis of the ellipse. 

Thus, according to one aspect of the present invention, structure of a lamp for 
in-adlating at least one workpiece, this structure including reflector stmcture. is provided. 
The reflector includes primary and secondary elliptical-shaped reflectors, these two 
reflectors In combination forming substantially an ellipse, surrounding an elliptical space, 
wifli the ellipse having a major axis and first and second focal points, the first focal point 
being closer to the primary reflector than the second focal point is to this primary reflector, 
along the major axis. This structure of the lamp Includes support structure for a bulb of this 
lamp, to support the bulb within the elliptical space, so that the bulb is spaced from the first 
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focal point of the ellipse in the vicinity thereof, on the major axis of the ellipse. 

As a further aspect of this invention, a lamp is provided including the bulb, spaced 
from this first focal point of the ellipse. 

According to the present Invention, the bulb can be displaced from the first focal 
point, along the major axis, either in a direcHon toward the primary elliptical-shaped reflector 
or In a direction away from the primary elliptical-shaped reflector (that is, in a direction 
toward the secondary elliptical-shaped reflector). The bulb is to be maintained in the vidnity 
of the first focal point. In order to achieve objectives according to the present invention. 

As another aspect of the present invention, the structure, including the reflector 
structure, also includes end reflectors covering both ends of the primary elliptical-shaped 
reflector, but, for example, not extending beyond the ends of this primary reflector. The end 
reflectors can be provided with a support (for example, holes) for supporting the bulb of the 
lamp. 

According to further aspects of the present invention, each of the primary and 
secondary elliptical-shaped reflectors extends in a longitudinal direction and is positioned so 
as to form, in combination, a cylinder having an axis extending in the longitudinal direction. 
The bulb can be a tubular t>ulb having an axis extending in this longitudinal direction, and 
the workpiece or workpleces can be passed In this longitudinal direction along the bulb, 
during processing. 

According to other aspects of the present invention, the workpieces treated are 
processed while in the vicinity of the second focal point, on the aforementioned major axis. 
That is, the workpiece or woricpieces being treated can be at the second focal point (that is, 
centered at the second focal point) or displaced therefrom, along the major axis, either in a 
direction toward the primary elliptical-shaped reflector or secondary elliptical-shaped 
refleclor-white-still in a vicinity-ofthe second focal point- - --^ — v.^*^.-^r..- — ... 

In the foregoing, it has been described that the bulb and the at least one workpiece 
being processed respectively are in the vicinity of the first focal point of the ellipse, along the 
major axis thereof, but not at the first focal point; and in the vicinity of the second focal point 
of the ellipse, along the major axis thereof. By "in the vicinity of the first focal point, but not 
at the first focal point", means that the bulb is closer to the first focal point than to the 
second focal point, but is not at the first focal point so as to achieve dispersion of rays 
arriving In the vicinity of the second focal point, providing more unifonnity according to the 
present invention. The positioning of the workpieces in the vicinity of the second focal point 
means that the workpieces can be centered on a major axis closer to the second focal point 
than to the first focal point, and sufficiently distanced from the bulb to achieve substantial 
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uniformity. The workpieces can be centered at the second focal point; thus, workpieces in 
the vicinity of the second focal point includes the workpieces being centered at the second 
focal point. 

According to the present invention, the light provided by the bulb can be any of 
various types, including at least one of ultraviolet light, infrared light and visible light. 
Various different types of bulbs can be utilized. For example, a bulb of an arc lamp can be 
utilized, for providing ultravidef light. As an alternative, the bulb can be a microwave- 
powered, ultraviolet light-generating electrodeless bulb; that is, microwaves can be applied 
to such bulb to generate ultraviolet light which is reflected by the elliptical-shaped reflectors 
and irradiates the workpieces. 

The present invention, as another aspect thereof, also includes apparatus for 
irradiating surfaces of the periphery of at least one workpiece, including the aforementioned 
elliptical-shaped reflectors and the bulb positioned on the major axis of the elliptical space 
formed by the reflectors, spaced from the first focal point of this elliptical space and in the 
vicinity of this first focal point. This apparatus includes structure for passing the at least one 
workpiece through the space surrounded by the primary and secondary elliptical-shaped 
reflectors, passing the at least one workpiece, e.g., in the vicinity of the second focal point of 
the elliptical space at a location centered on the major axis. According to additional aspects 
of the present invention, the at least one workpiece treated can be a continuous member, 
such as a continuous fiber, ribbon or cable. According to a specific apparatus, the 
workpieces processed can be optical fibers. 

Additional aspects of the present Invention include methods of using this apparatus, 
for substantially uniformly irradiating surfaces of at least one workpiece passing through the 
elliptical space in tbe vicinity, of the second focal point, utilizing enei^y radiated- from a bulb 

- which 4S'posltl0ned-on the major axis of the elliptical space formed-by^primary and *^ * ----^ 

secondary elliptical-shaped reflectors. In the vicinity of the first focal point of this elliptical 
space yet spaced from this first focal point. According to this process, as the at least one 
workpiece is passed through the space surrounded by the primary and secondary reflectors, 
in the vicinity of the second focal point, light is radiated from the bulb, the light reflecting off 
the reflectors to irradiate surfaces of the periphery of the at least one workpiece. 

According to a specific use of this apparatus, as an aspect of the present invention, 
the apparatus can be used to cure an ultraviolet light curable coating on at least one 
workpiece. That is, the at least one workpiece, having the ultraviolet curable coating 
thereon, is passed through the space surrounded by the primary and secondary elliptical- 
shaped reflectors, in the vicinity of the second focal point of this elliptical space; and while 
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performing such passing, ultraviolet light radiated from a bulb positioned on the major axis in 
the vicinity of the first focal point of this elliptical space, yet spaced from this first focal point, 
and reflecting off the primary and secondary reflectors, irradiates surfaces of the periphery 
of the at least one workpiece to cure the ultraviolet light curable coating. 

Accordingly, by the various aspects of the present invention, uniformity of irradiation 
(for example, uniformity of intensity of the radiation) on all surfaces of the workpieces (both 
surfaces fadng the bulb and surfaces facing av^y from the bulb) is improved, even for 
treatment of ribbons having, for example, substantially planar surfaces that are wide. In 
addition, a need for precision in placement of the workpieces, at the focal point, can be 
avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a cross-sectional view of a lamp according to the prior arf technique. 

Fig. 2 shows a ray diagram for a lamp having primary and secondary elliptical- 
shaped reflectors shovm in Rg. 1. 

Fig. 3 is a cross-sectional view of a lamp showing a proposed change from the prior 
art technique, for furthering the understanding of the present invention. 

Fig. 4 is a cross-sectional view of a lamp according to a first embodiment of the 
present invention. 

Fig. 5 is a cross-sectional view of a lamp according to the first embodiment, showing 
normal rays and divergent rays in accordance with the present invention. 

Fig. 6 shows the ray diagram according to the first embodiment of the present 
invention - ...... 

' "^Fig"'7 ls-a'crossi^sectionarview of the lamp accordinig'to a^-seconrf-eTntwDdirtient of the"-^' 
present invention. 

Fig. 8 shows an end reflector v^ich can be used as part of the present invention. 

Fig. 9 is an elevational front view of an assembly of lamps for processing a 
continuous fiber, which can use lamps according to the present invention. 

Fig. 10 Is a plan view of one apparatus for treating the continuous fiber according to 
the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

While the invention be described in connection with specific and preferred 
embodinnents, it will be understood that It is not intended to limit the invention to those 
ennbodinrients. To the contrary, it is intended to cover all alterations, modifications and 
equivalents as may be included within the spirit and scope of the Invention as defined by the 
appended claims. 

Throughout the present specification, where materials, methods and apparatus are 
described as including or comprising specific components or structure or specific processing 
steps, ft is contemplated by the inventors that materials, methods and apparatus of the 
present invention also consist essentially of, or consist of, the recited components or 
structure or recited processing steps. 

The present invention contemplates, as one aspect thereof, lamp structure including 
primary and secondary elliptical-shaped reflectors providing an elliptical space in which 
workpieces are inradiated with light generated from a bulb v^thln the space, wherein the bulb 
is spaced, along the major axis of the elliptical space, from the first focal point but is 
positioned In the vicinity thereof (the workpieces being positioned in the vicinity of the 
second focal point), the bulb being centered along the major axis of the elliptical space. By 
. displacing the bulb from the first focal point, uniformity of the radiation pattern is provided 
over a larger area (there is a larger distribution pattern), thereby providing more uniformity 
over surfaces of the workpieces. In addition, by displacement of the bulb as provided in the 
present invention, there is increased uniformity of irradiation of both the near and far 
surfaces of the workpieces (relative to the bulb). Thus, according to various aspects of the 
present invention, energy radiating from the bulb Is dispersed more uniformly in the 
^neighborhood'of ihe workpiecesr " ' - " «-= — — — 

Fig. 4 is a cross-sectional view showing an embodiment of the present invention. 
According to this embodiment, primary and secondary elliptical-shaped reflectors 3, 9, 
respectively, enclose elliptical space 4. The center of bulb 21 has been moved so as to be 
spaced from first focal point 2, in a direction along major axfe 22, toward primary elliptical- 
shaped reflector 3. While Fig. 4 shows bulb 21 displaced toward primary elliptical-shaped 
reflector 3, bulb 21 can be displaced toward secondary elliptical-shaped reflector 9 while 
remaining in the vicinity of first focal point 2. Also shown in Fig. 4 Is the position of the bulb 
in prior structures (this position being indicated by reference character 1'). 

Also shown In Fig. 4 Is ribbon 15, which inradiated by light from bulb 21. As can be 
appreciated from Fig. 4, ribbon 15 is displaced from second focal point 6, in a direction 
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along major axis 22 toward secondary elliptical-shaped reflector 9. As seen in Fig. 4, flat 
surfaces 15a. 15b of ribbon 15 are perpendicular to major axis 22. 

Shown in Fig. 4 is quartz tube 7, through which ribbon 15 passes. As seen In Fig. 4, 
ribbon 15 is displaced from the center of quartz tube 7; that is, quartz tube 7 has been 
maintained centered on second focal point 6. However, quartz tube 7, according to the 
present invention, can be moved such that the workpiece or workpieces is centered in the 
quartz tube. 

Also shown in Fig. 4 are normal rays of light radiating from displaced bulb 21. As 
can be appreciated, various of the rays from bulb 21 are reflected twice off the primary and 
secondary reflectors, shown by reference character 13 In Fig. 4, prior to irradiating ribbon 
15. These twice reflected rays achieve desired dispersion so as to achieve advantages 
according to the present invention of more uniform irradiation. 

Fig. 5 also shows the first embodiment according to the present invention, having six 
(6) normal rays. Fig. 5 also shows, in dotted line, divergent rays 27, arising due to the 
positioning of the bulb centered off of the first focal point. These divergent rays 27 (five 
divergent rays being shown in Fig. 5) further increases uniformity of distribution of light 
intensity over both front and rear surfaces of ribbon 15. 

Fig. 6 shows ray diagram 25 of a lamp according to the present invention, when 
using an end reflector and bulb 21 displaced from the first focal point 2 according to the 
present invention. As seen in ray diagram 25, achieved when utilizing both primary and 
secondary elliptical reflectors 3 and 9, and end reflectors at both ends of the primary end 
reflector, a relatively dispersed energy distribution is achieved according to the present 
invention, avoiding concentration of light energy at, for example, the second focal point and 
. thereby achieving improved distribution of energy irradiating surfaces of the workpieces. 
. -. ^^.^ Fig.-*7 shows another embodiment according to the present inventiort. According^to ' 
this embodiment, ribbon 15' is oriented with surfaces extending substantially parallel to the 
major axis of elliptical space 4. As seen in Rg. 7, ribbon 15' is displaced from second focal 
point 6, In a direction along the major axis, towards secondary elliptical-shaped reflector 9. 
By displacement of the bulb according to the present invention, ribbons, for example, need 
not be oriented with a main surface facing the bulb, but can be oriented with main surifaces 
parallel to the major axis. According to the present invention, due to the dispersion of the 
light rays achieved, the ribbon can be positioned as in Fig. 4 or Fig. 7, or oriented at any 
angle therebetween (rotated to an angle from orientations shown in Figs. 4 and 7). 

As indicated previously, according to additional aspects of the present invention, 
opposed ends of primary elliptical-shaped reflector 3 can be covered with end reflectors. 
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Fig. 8 shows an end reflector 32, which will be provided to cover one end of primary 
elliptical-shaped reflector 3. This end reflector 32, illustratively, can be the standard "209" 
type end reflector (Part No. 029838) of Fusion UV Systems, Inc. End reflector 32 can, for 
example, have a planar reflecting surface. 
5 Also shown in end reflector 32 in Fig. 8 are two holes 33, 35 provided in end reflector 

32. Hole 33 is provided at the first focal point, and hole 35 is provided displaced therefrom. 
According to the present invention, the bulb can be supported by hole 35, for positioning the 
bulb VM'th its center displaced from first focai point 2. Thus, in being supported by hole 35, 
the bulb is located a little closer to the back of reflector 3, which provides a little more 

10 energy coupled to the bulb than when the bulb is at the conventional position (that is, 

supported by hole 33). With use of the end reflector and location of the bulb a little closer to 
that of the reflector, frradiance at focus is reduced, but is increased in the far field. This is 
an improvement to the "depth of field* (a term for the ratio of energy getting to the near 
surface versus a farther surface). Thus, the present structure provides non-focused energy 

15 in the near-field (surface of the fiber or ribbon closest to the bulb) and enhanced irradiation 
(illumination) in the far-field, to improve uniformity and improve effectiveness of the lamps. 
Through displacement of the bulb, especially together with the use of the end reflector, mid- 
to far-field irradiation and dose for three-dimension curing is improved, overcoming one of 
the fundamental problems in three-dimensional curing when using tubular lamps, which 

2 0 exhibits a serious fall-off of energy in the far-field (that is, far side of the fiber or ribbon 

relative to the bulb). 

Figs. 9 and 10 illustrate a system utilizing lamps according to the present invention 
for irradiating a continuous filament (fiber) or wire-like element, such as an optical fiber 
haying a radtatipn curable coating, as it passes flirough a transparent tube (corresponding 
25. - , . . to-quartz-tube-T). ^-Fig^vS ara shown three in-adliating units 20^ 21i€»nd-22VEaG^ could— 
contain a lamp according to the present invention. The cabinet 24' of each of these units 
comprises a lamp housing 25' and a tube housing 27'. which are detachably connected 
together by external damping type fasteners 29", 29', one of which is on each side of the 
cabinet. Also shown in Figs. 9 and 10 is a coated continuous filament 30' which is, in 

3 0 operation, vertically oriented and passes from a coating device down through a transparent 

quartz in^adiating tube 32', In the vicinity of (e.g., at) the second focal point, of elliptical 
reflector 33'. Elliptical reflector 33' comprises a primary elliptical-shaped reflector 34* and a 
secondary elliptical-shaped reflector 36*. Bulb 21 is provided along the major axis of ttie 
elliptical space within elliptical reflector 33\ spaced from first focal point 38\ Filament 30* Is 
35 passed tiirpugh the irradiating units 20'. 2V and 22' and is taken up by a take-up reel (not 
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shown in Fig. 9). 

Apparatus accx>rding to the present invention can be made of materials 
conventionally used in forming corresponding lamp systems in the prior art, including 
materials for the reflectors, for the quartz tube, etc. In addition, the apparatus of the present 
invention can be used for applications conresponding to those in which corresponding prior 
art apparatus is used. 

For example, the present invention can be used to treat v/orkpieces, including 
continuous workpieces, such as ribbons, fibers, filaments, cables, etc. The apparatus 
according to the present invention provides better processing of workpieces by achieving 
improved uniformity of irradiation, particularly where the workpieces have thicknesses 
and/or widths. The present invention has a particularly advantageous use in connection 
with curing inks and/or coatings on, e.g., ribbons, such as ribbons of optical fibers, by 
inradiatton of light (for example, irradiating ultraviolet light-curable coatings with ultraviolet 
light generated from the bulb). 

Thus, the apparatus according to the present invention can be used for curing photo- 
responsive coatings, coloring inks and ribbon matrix polymers, to provide curing energy to 
meet sustained high speed demands in curing, e.g., completed fiber or ribbon when passing 
the fiber or ribbon continuously by the bulb (which is in the vicinity of the first focal point, but 
spaced therefrom) with the fiber or ribbon positioned in the vicinity of the second focal point. 

Accordingly, by the present invention, both structures and methods are provided for 
processing wori<pieces, using various types of light, with the workpieces being, e.g., fibers 
or ribbons or cables of various widths and thicknesses. The structure can be used for any 
processing for such fibers, ribbons or cables, that may require a pattern of radiation flux 
density, and can be.used in connection with processes within the.fiber industry including the 
-optical ribef^enefQYz — . — — : „uuw--.r-^.™- ^ ^ 

While several embodiments in accordance with the present Invention have been 
shown and described, it Is understood that the same is not limited thereto, but is susceptible 
of numerous changes and modifications as known to those skilled in the art. Therefore, we 
do not wish to be limited to the details shown and described herein, but intend to cover all 
such changes and modifications as are encompassed by the scope of the appended claims. 
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CLAIMS 



1 . Structure for a lamp for irradiating at least one workpiece, comprising: 
a primary elliptical-shaped reflector; 

a secondary elliptical-shaped reflector, the secondary elliptical-shaped 
reflector and the primary elliptical-shaped reflector being positioned such that a cross- 
section of the primary and secondary elliptical-shaped reflectors in combination form 
substantially an ellipse, surrounding a space, the ellipse having a major axis and first and 
second focal points, the first focal point being closer to the primary elliptical-shaped reflector 
along the major axis than Is the second focal point to the primary elliptical-shaped reflector 
along the major axis; and 

support structure for a bulb of the lamp, to support the bulb within the space, 
positioned such that the bulb is spaced from the first focal point of the ellipse, in the vicinity 
thereof, on the major axis of the ellipse. 

2. Structure according to claim 1^ wherein the support structure supports the 
bulb such that the bulb is positioned spaced from the first focal point of the ellipse, on the 
major axis of the ellipse closer to the primary elliptical-shaped reflector, along the major 
axis, than the first focal point is to the primary elliptical-shaped reflector along the major 
axis. 

3. Structure according to claim 1 , wherein the primary elliptical-shaped reflector 
has opposed ends* and the support structure for the bulb includes end reflectors at both of 
the opposed ends of the primary elliptical-shaped teflectorr^^^ --^^ — .™ 

4. Structure according to claim 3, wherein the end reflectors cover entirely both 
ends of the primary elliptical-shaped reflector, and do not extend beyond tiie ends of the 
primary elliptical-shaped reflector. 

5. Structure according to claim 1 , wherein the at least one workpiece is adapted 
to be positioned in said space such that light, from the bulb of said lamp, reflected from the 
primary and secondary elliptical-shaped reflectors, irradiates all of the surfaces of the 
periphery of the at least one workpiece. 
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6. Structure according to claim 1, wherein the primary and secondary elliptical- 
shaped reflectors reflect ultraviolet light. 

7. Structure according to claim 1, wherein each of the primary and secondary 
elliptical-shaped reflectors extends in a longitudinal direction and is positioned so as to form, 
in combination, substantially a cylinder, the primary and secondary elliptical-shaped 
reflectors being adapted to have the at least one workpiece positioned, in said space, in the 
longitudinal direction. 

8. Structure according to claim 3, wherein each of the primary and secondary 
elliptical-shaped reflectors extends in a longitudinal direction and are positioned so as to 
fonn, in combination, substantially a cylinder, the primary and secondary elliptical-shaped 
reflectors being adapted to have the at least one workpiece positioned in said space, in the 
longitudinal direction. 

9. Structure according to claim 1, wherein the primary and secondary elliptical- 
shaped reflectors are adapted to have the at least one workpiece positioned on said major 
axis, spaced from the second foca) point. 

10. Structure according to claim 9, wherein the primary and secondary elliptical- 
shaped reflectors are adapted to have the at least one workpiece positioned spaced from 
the second focal point, closer to the secondary elliptical-shaped reflector along the major 
axis, than a distance between the second focal point and the secondary elliptical-shaped 
reflector. — ..... . . _ 



11. . Structure according to claim 1 , wherein the at least one workpiece is adapted 
to be positioned within the space during the irradiating, in the vicinity of the second focal 
point. 

1 2. Structure according to claim 1 1 , wherein the at least one workpiece Is 
adapted to be positioned spaced from the second focal point, on the major axis. 

13. Structure according to claim 1 1 , wherein the at least one workpiece is 
adapted to be positioned at the second focal point, on the major axis. 
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14. Structure according to claim 1 1 , wherein each of the primary and secondary 
elliptical-shaped reflectors extends in a longitudinal direction and is positioned so as to form, 
in combination, substantially a cylinder, the primary and secondary elliptical-shaped 
reflectors being adapted to have the at least one workpiece positioned, in said space, in the 
longitudinal direction. 

15. Structure according to claim 14, wherein the primary elliptical-shaped 
reflector has opposed ends, and the support structure for the bulb includes end reflectors at 
both of the opposed ends of the primary elllptlcal-shaped reflector. 

16. L.amp for irradiating at least one workpiece, comprising said structure of claim 
15 and a bulb, the bulb being a tubular bulb extending in said longitudinal direction and 
positioned on said major axis, spaced from said first focal point 

17. Lamp for irradiating at least one workpiece, comprising said structure of claim 
8 and a bulb, the bulb being a tubular bulb extending in said longitudinal direction and 
positioned on said major axis, spaced from said first focal point. 

1 8. Lamp for irradiating at least one workpiece, comprising said structure of claim 
7 and a bulb, the bulb being a tubular bulb extending in said longitudinal direction and 
positioned on said major axis, spaced from said first focal point. 

1 9. Lamp for irradiating at least one workpiece, comprising said structure of claim 
1, and a bulb supported by said support structure such that, in said spiace, said bulb is 
positioned on said major axis and spaced from the frrst focal point. 

20. The lamp according to claim 19, wherein said bulb is a bulb of an 
electrodeless lamp, said lamp being an electrodeless lamp. 

21. The lamp according to claim 20, wherein said bulb is a bulb that in-adiates 
ultraviolet light, and said primary and secondary elllptlcal-shaped reflectors and end 
reflectors reflect ultraviolet light. 

22. The lamp according to claim 21, wherein said bulb is an electrodeless bulb of 
a microwave-powered, ultraviolet-light generating electrodeless lamp. 
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23. Apparatus for irradiating surfaces of the periphery of at least one workpiece, 
comprising: 

a priPTiary elliptical-shaped reflector, 

a secondary elliptical-shaped reflector, the secondary elliptical-shaped reflector and 
the prinnary elliptical-shaped reflector being positioned such that a cross-section of the 
primary and secondary elliptical-shaped reflectors in combination fomn substantially an 
ellipse, surrounding a space, the ellipse having a major a)ds and first and second focal 
points, the first focal point being closer to the primary elliptical-shaped reflector, along the 
major axis, than is the second focal point; 

a bulb positioned on the major axis, spaced from the first focal point, in the vicinity 
thereof; and 

structure for passing the at least one workpiece through said space surrounded by 
the primary and secondary elliptical-shaped reflectors. 

24. Apparatus according to claim 23, wherein the primary and secondary 
elliptical-shaped reflectors extend in a longitudinal direction such that the primary and 
secondary elliptical-shaped reflectors in combination form a cylinder, wherein the structure 
for passing the at least one workpiece passes the at least one workpiece in the longitudinal 
direction, and wherein the bulb is a tubular bulb having an axis extending in the longitudinal 
direction. 

25. Apparatus according to claim 24, wherein the stmcture for passing the at 
least one workpiece is a structure for passing at least one continuous member. 

• - -^ -"267-- Apparatus according to claim 25j wherein the structure for passing theat -- 
least one workpiece Is a structure for passing at least one continuous fiber, ribbon or cable. 

27. Apparatus according to claim 24, wherein the structure for passing the at 
least one wori<piece is a structure for passing at least one optical fiber. 

28. Apparatus according to claim 24, wherein the bulb is positioned closer to the 
primary elliptical-shaped reflector, along the major axis, than the first focal point is to the 
primary elliptical-shaped reflector along the major axis. 
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29. Apparatus according to claim 23, wherein the bulb is positioned closer to the 
primary elliptical-shaped reflector, along the major axis, than the first focal point is to the 
primary elliptical-shaped reflector along the major axis. 

30. Apparatus according to claim 24» wherein the ellipticai-shaped reflector has 
opposed ends, and wherein the apparatus further includes end reflectors at both of the 
opposed ends of the primary elliptical-shaped reflector. 

31 . Apparatus according to daim 30, wherein the end reflectors support the bulb. 

32. Apparatus according to claim 30, wherein the end reflectors cover the 
opposed ends of the primary elliptical-shaped reflector, but do not extend beyond the 
primary-elliptical shaped reflector. 

33. Apparatus according to claim 23, wherein the structure for passing the at 
least one workpiece is a structure for passing the at least one workpiece through said 
space, in the yiciri|ty pf the second focal point 

34. Apparatus according to claim 33, wherein said structure is a structure for 
passing the at least one workpiece through said space in the vicinity of, and spaced firom, 
the second focal point 

35. A method of irradiating at least one workpiece, comprising the steps of: 

(a) providing lamp structure including: 

..^ .^.vw^.,^.;-- .a primary elliptical-shap - 

a secondary elliptical-shaped reflector, the secondary elliptical-shaped 
reflector and the primary elliptical-shaped reflector being positioned such that a cross- 
section of the primary and secondary elliptical-shaped reflectors in combination form 
substantially an ellipse, sunrounding a space, the ellipse having a major axis and first and 
second focal points, the first focal point being closer to the primary elliptical-shaped 
reflector, along the major axis, than is the second focal point; and 

a bulb positioned on the major axis, in the vicinity of the first focal point and 
spaced therefrom; 

(b) passing the at least one workpiece through the space sun^ounded by the 
primary and secondary elliptical-shaped reflectors, in the vicinity of the second focal point; 
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and 

(c) while passing the at least one workpiece, radiating light from the bulb, the 
light reflecting off the primary and secondary elliptical-shaped reflectors, to irradiate 
surfaces of the periphery of the at least one workpiece. 

36. The method according to daim 35, wherein the bulb is positioned closer to 
the primary elliptical-shaped reflector, along the major axis, than the first focal point Is to the 
primary elliptical-shaped reflector along the major axis. 

37. The method according to daim 36, wherein the primary and secondary 
elliptical-shaped reflectors extend in a longitudinal direction such that the primary and 
secondary elliptical-shaped reflectors in combination form a cylinder; wherein the bulb is 
tubular, having an axis extending In the longitudinal direction; and wherein in passing the at 
least one workpiece, the at least one workpiece is passed in the longitudinal direction. 

38. The method according to daim 37, wherein said at least one workpiece is 
selected from the group consisting of at least one ribbon, fiber and cable, and said passing 
continuously passes the at least one workpiece in the longitudinal direction through said 
space in the vicinity of said second focal point. 

39. The method according to claim 38, wherein said at least one workpiece is at 
least one optical fiber. 

40. The method according to claim 35, wherein the primary and secondary 
elliptical-shaped reflectors extend in a longitudinal direction such that the primary and—" — 
secondary elliptical-shaped reflectors in combination form a cylinder; wherein the bulb is 
tubular, having an axis extending in the longitudinal direction; and wherein in passing the at 
least one workpiece, the at least one workpiece is passed in the longitudinal direction. 

41. The method according to claim 40, wherein the primary elliptical-shaped 
reflector has opposed ends in the longitudinal direction, and wherein the lamp structure 
further includes end reflectors at both of the opposed ends of the primary elliptical-shaped 
reflector; and in radiating the light, the light also reflects off the end reflectors. 
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42. The method according to claim 35, wherein the primary elliptical-shaped 
reflector has opposed ends, and wherein the lamp structure further includes end reflectors 
at both of the opposed ends of the primary ellipticaKshaped reflector and in radiating the 
light, the light also reflects off the end reflectors. 

43. The method according to daim 42. wherein the end reflectors support the 

bulb. 

• 

44. A method of curing an ultraviolet light curable coating on at least one 
workpiece, comprising the steps of: 

(a) providing lamp structure Including: 
a primary elKpHcal-shaped reflector; 

a secondary elliptical-shaped reflector, the secondary elliptical-shaped 
reflector and the primary elliptical-shaped reflector being positioned such that a cross- 
section of the primary and secondary elliptical-shaped reflectors in combination form 
substantially an ellipse, surrounding a space, the ellipse having a major axis and first and 
second focal points, the first focal point being closer to the primary elliptical-shaped 
reflector, along the major axis, than is the second focal point; and 

a bulb positioned on the major axis, in the vicinity of the first focal point and 
spaced therefrom; the end reflectors; 

(b) passing the wori<piece, having the ultraviolet light curable coating thereon, 
through the space surrounded by the first and second elliptical-shaped reflectors, at the first 
focal point; 

..(c) . white passing the workpiece, radiating ultraviolet light from the bulb^the 

ultravlolet lightfeflectlng off the primary and secondary elliptieal'-shaped-refleetdr^T «hd the 
end reflectors, to irradiate surfaces of the periphery of the workpiece so as to cure the 
ultraviolet light curable coating. 

45. The method according to claim 44, wherein the bulb is positioned closer to 
the primary elliptical-shaped reflector, along the major axis, than the first focal point Is to the 
primary elliptical-shaped reflector along the major axis. 

46. The method according to claim 45, wherein the primary and secondary 
elliptical-shaped reflectors exterid in a longitudinal direction such that the primary and 
secondary elliptical-shaped reflectors in combination form a cylinder, wherein the bulb is 
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tubular, having an axis extending in the longitudinal direction; and wherein in passing the at 
least one workpiece, the at least one workplece Is passed in the longitudinal direction. 

47. The method according to daim 46, wherein the bulb is a microwave-powered, 
ultraviolet-light generating electrodeless bulb, and the step of radiating ultraviolet light from 
the bulb includes applying microwaves to the bulb to generate ultraviolet light 

48. The method according to claim 47, wherein said at least one workpiece is an 
optical fiber. 

49. The method according to claim 44, wherein the primary and secondary 
elliptical-shaped reflectors extend in a longitudinal direction such that the primary and 
secondary elliptical-shaped reflectors in combination form a cylinder; wherein the bulb is 
tubular, having an axis extending in the longitudinal direction; and wherein in passing the at 
least one workpiece, the at least one workpiece is passed in the longitudinal direction. 

50. The method according to claim 49, wherein the bulb is a microwave-powered, 
ultraviolet-light generating electrodeless bulb, and the step of radiating ultraviolet light from 
the bulb includes applying microwaves to the bulb to generate the ultraviolet light. 

51. The method according to claim 44, wherein the bulb is a microwave-powered, 
ultraviolet-light generating electrodeless bulb, and the step of radiating ultraviolet light from 
the bulb includes applying microwaves to the bulb to generate the ultraviolet light. 

.-;52v^ — The-method according to claim 35, wherein the prirnary-elliptleal-shaped— 
reflector has opposed ends, and wherein the lamp structure further includes end reflectors 
at the opposed ends of the primary elliptical-shaped reflector; and in radiating the ultraviolet 
light, the ultraviolet light also reflects off the end reflectors. 
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Fig. I 
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